INTRODUCTION {#sec1-1}
============

Intussusception is one of the most common causes of bowel obstruction in the pediatric population. Approximately 85% of these cases are reduced by pneumatic or hydrostatic enema.\[[@ref1]\] Traditionally, unsuccessful radiological reduction has been followed by laparotomy. With the advent of minimally invasive pediatric surgery, laparoscopic reduction has been used as a surgical option.\[[@ref2]\] Available reports claim advantages of laparoscopic over the open approach, such as less postoperative pain, reduced wound complications, minimal scarring, shorter hospital stay and an earlier return to normal activities.\[[@ref3]--[@ref5]\] We attempted to reduce the intussusception by applying diffusely transmitted intraluminal hydrostatic pressure by means of a saline enema given to the anesthetized child under laparoscopic visual guidance. This study was undertaken to review our experience with laparoscopy-assisted hydrostatic *in situ* reduction of intussusceptions (LAHIRI), with the aim to analyze its efficacy and safety in children.

MATERIALS AND METHODS {#sec1-2}
=====================

A retrospective review of all children who underwent LAHIRI between June 2008 and June 2009 was carried out. This review included only those patients in whom laparoscopy was the primary procedure when facilities for fluoroscopic or ultrasonographic reduction were unavailable or were not feasible (logistic reasons, parental anxiety, patient discomfort, etc.). Patients with attempted radiological reduction prior to laparoscopy were excluded from the study.

The patients\' medical records were reviewed and data pertaining to age, gender, clinical presentation, duration of symptoms, operative findings, duration of surgery, complications and hospital stay were noted. Under general anesthesia, a 5-mm subumbilical laparoscopic port for the telescope and a 3-mm bowel grasper in the left flank were inserted. Warm normal saline was infused into the rectum with a 16-18 F Foley self-retaining catheter with the bulb inflated and an intravenous drip set maintaining the level of the bottle at 80 cm above the operating table. Under laparoscopic vision, hydrostatic pressure on the intusussceptum was increased by gradually increasing the height of the saline bottle. The bowel grasper was used only to displace the dilated bowel loops for better vision of the intussusception and never to handle the intussuscepted bowel. The height of the saline bottle and hence the hydrostatic pressure on the intussusceptum was not a limiting factor with this technique as bowel distension could be visually assessed and hence overdistension and inadvertent bowel rupture could be prevented. The hydrostatic pressure was transmitted to the intussusceptum and caused reduction of intussusception. Finally, the completeness of reduction, vascularity of reduced bowel and presence of secondary lead points were assessed before withdrawing the telescope.

Oral feeding was started within 12 h of surgery and the patients were discharged once full oral feeds were resumed. They were followed-up at least once after discharge in the outpatient clinic. Statistical data were presented as mean ± SD or number (percentage) as appropriate.

RESULTS {#sec1-3}
=======

Eleven patients (seven males and four females) were operated over a period of 1 year. All our patients except one were infants, with the mean age being 7.8 (±2.8) months. All patients had typical clinical presentation, with sudden-onset excessive crying and an abdominal lump with or without red-currant jelly stools. The mean duration from onset of symptoms to surgery was 27.6 (±8.8) h. The diagnosis was confirmed in all by ultrasonography of the abdomen.

Ten (90.9%) patients had ileocolic intussusception, which got completely reduced with LAHIRI, but one (9%) patient had ileo-ileocolic intussusception, in whom the ileocolic part got reduced with LAHIRI but manual reduction by extending the subumbilical incision was required to reduce the ileoileal part. The mean duration of surgery was 38.5 (±6.6) min. No patient had any signs of bowel ischemia and none had any secondary lead points. There were no intra- or postoperative complications. There was no recurrence of intussusception in any patient. All patients had an uneventful recovery, and the mean duration of hospital stay was 2.1 (±0.3) days.

DISCUSSION {#sec1-4}
==========

Nonoperative reduction of intussusceptions is the established first line of therapy, with a high success rate up to 85-90%.\[[@ref6]\] Laparoscopic reduction is feasible, but complications such as serosal tearing and frank bowel perforation have also been described.\[[@ref1][@ref7][@ref8]\]

All our patients except one were infants, with the mean age being 7.8 (±2.8) months. All patients had typical clinical presentation, with mean duration from onset of symptoms to surgery being 27.6 (±8.8) h. This was as opposed to what was reported by Wiersma *et al*., with 32% of the patients presenting more than 48 h after the onset of the intussusception. Wiersma *et al*., Yang *et al*. and Chatterjee *et al*. have suggested uncooperative apprehensive patients, delayed presentation and unavailability or lack of expertise in pediatric radiology in developing countries as additional reasons for favoring operative over nonoperative techniques.\[[@ref5][@ref9][@ref10]\] Despite a relatively early presentation, we opted for laparoscopy as the primary procedure in this group for reasons such as unavailability of fluoroscopy or ultrasonography, parental anxiety and patient discomfort.

The mean duration of LAHIRI was 38.5 (±6.6) min, which is comparable to that reported by Poddoubnyi *et al*. (32.6 min), who used the additional help of atraumatic graspers along with air enema to reduce intussusceptions.\[[@ref11]\] However, Kia *et al*. reported longer operating times for both laparoscopic and open approaches (45.00 ± 24.74 vs. 49.56 ± 26.40 min, respectively), which was probably because their study group involved cases with previous failed radiologic reduction.\[[@ref3]\]

Success rate of LAHIRI in our study was 90.9%, which is similar to the success rates reported by Kia *et al*. (87.5%), Cheung *et al*. (86.7%) and Bujronrappa *et al*. (85%).\[[@ref2][@ref3][@ref7]\] Kia *et al*. recommended that one must exercise greater caution with the laparoscopic approach because of the potential for injury to bowel in view of the fact that traction is used more extensively with the laparoscopic approach while pulling and squeezing the intussusception with bowel graspers.\[[@ref3][@ref12]\] Likewise, Chatterjee *et al*. questioned the subjective "gentleness" of finger pressure applied to the intussusceptum during manual reduction, which varies from surgeon to surgeon and may be responsible for complications and higher rates of resection and anastomosis.\[[@ref5]\] In our study, we had no bowel perforation and no need for bowel resection and anastomosis, which may be attributed to the following reasons: (a) diffusely transmitted hydrostatic pressure delivered in LAHIRI is much less damaging than varying focal pressure on the intussuscipient and the apex of the intussusceptum, (b) with LAHIRI, bowel distension during saline insufflation can be visually assessed and hence overdistension and inadvertent bowel rupture can be prevented, (c) as bowel vascularity can be visually assessed, much lower pressures can be applied or alternative means for reduction can be sought in cases with compromised bowel.

The mean duration of hospital stay in our group was 2.1 (±0.3) days. Also, after successful laparoscopic reduction, resumption of full diet was much earlier than the open group in all the studies. Like all other laparoscopic procedures, LAHIRI also has benefits such as less postoperative pain, reduced wound complications, shorter hospital stay and an earlier return to normal activities.\[[@ref3][@ref4]\]

In addition, we also noted that LAHIRI has certain specific benefits: (a) like Wiersma *et al*., we perceive a distinct advantage to attempting reduction in a controlled environment in the operating theater on an anesthetised child who is fully resuscitated. The child is totally relaxed and pain-free, which thereby abolishes the unhelpful effects of a straining abdomen, allowing the intraluminal forces to act unopposed, giving this method a greater chance of success.\[[@ref9]\] (b) The height of the saline bottle and hence the hydrostatic pressure on the intussusceptum is not a limiting factor with LAHIRI as visual control of bowel condition gives the safe opportunity to create higher intraluminal pressure.\[[@ref12]\] (c) The completeness of reduction, vascularity of reduced bowel and presence of secondary lead points can be visually assessed.

There may however be certain shortcomings of LAHIRI -- hemodynamic instability and excessive bowel distension may compromise the surgeon\'s ability to achieve adequate pneumoperitoneum; absence of tactile sensation may result in secondary intraluminal lead points being missed.\[[@ref1]\]

To conclude, LAHIRI appears to be a safe and efficacious treatment modality in the pediatric population. Its specific advantages are that it is performed in a controlled environment in the operating room, avoids patient apprehension and discomfort, avoids bowel handling, prevents bowel overdistension and ensures visual assessment of bowel vascularity and completeness of reduction. Nevertheless, our study was not without its limitations, such as relatively small number of cases. All cases were fairly early presenting and uncomplicated (which may have contributed to the high success rate) and absence of simultaneous cohorts undergoing radiological reduction and laparotomy for comparison. Hence, there is a need for a randomized controlled prospective trial to compare LAHIRI with other well-established approaches and to look into the possible selection criteria for this technique.
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